BACKGROUND: Daylight entrains the central circadian pacemaker to the 24-hour day and is crucial for optimal alertness and sleep-quality. Rehabilitation patients tend to lack exposure to sufficient natural light. OBJECTIVE: Installed diurnal naturalistic light may reduce the known disrupted sleep quality and fatigue seen in post stroke patients. METHODS: Stroke patients were randomized to either an intervention rehabilitation unit (IU) equipped with naturalistic lighting (artificial sunlight spectrum) or to a control rehabilitation unit (CU) with standard indoor lighting. At inclusion and discharge, fatigue and subjective sleep quality were measured. RESULTS: Ninety stroke patients were included between May 2014, and June 2015. At discharge, patients from the IU experienced less fatigue than the CU patients, based on the Multidimensional Fatigue Inventory questionnaire general (IU, n = 28; CU, n = 30; diff -20.6%, 95% confidence interval (CI) [-35.0%; -3.0%]; P = 0.025) and the Rested Statement (IU, n = 28; CU, n = 30; diff + 41.6%, 95% CI [+4.6%; +91.8%]; P = 0.025). No differences were detected between groups in sleepiness or subjective sleep quality by the Pittsburgh Sleep Quality Index. CONCLUSIONS: Fatigue was significantly reduced in rehabilitation patients exposed to naturalistic lighting during admission.
Introduction
Stroke is a leading cause of death and disability, with high costs for patients and their families, as well as for society (Feigin et al., 2015; Jennum, Iversen, Ibsen, & Kjellberg, 2015) . The combination of immobilization and long-term hospitalization is often associated with a lack of natural light during the day and input of artificial light from the hospital indoor lighting in the evening and night. The intrinsically photosensitive retinal ganglion cells absorb light and are connected by the retinohypothalamic tract to the master circadian clock system located in the suprachiasmatic nucleus. This constellation makes light, especially the short-wavelength blue light (Thapan, Arendt, & Skene, 2001) , the strongest Zeitgeber (time giver) for the circadian rhythm and the sleep-wake cycle.
Compared to the duration of prior wakefulness, the endogenous circadian rhythm plays a significant role in controlling the length of sleep and its timing system. Using bright light exposure may control this and even consolidate the sleep, but further studies are needed investigating the circadian effect on sleep quality (Ancoli-Israel et al., 2003; Czeisler, Weitzman, Moore-Ede, Zimmerman, & Knauer, 1980) . Sleep disturbances during hospitalization have been described, including in stroke patients, who often also suffer from multiple co-morbidities (Hermann, 2004; Venkateshiah, 2012) .
Despite this understanding, only six studies, investigating the influence of light on sleep in a real-life hospital setting (delirium patients were not included), could be identified in a PubMed search. Three of these studies yielded positive findings regarding sleep time, time in bed, and wakefulness (Mishima et al., 1994; Satlin, Volicer, Ross, Herz, & Campbell, 1992; Wakamura & Tokura, 2001) . In contrast, the other three studies had neutral findings regarding sleep time and sleep quality (De Rui et al., 2014; Kobayashi et al., 2001; Perras, Meier, & Dodt, 2007) . Small sample sizes and no control groups characterized all six studies. However, it seems that low light intensity may be correlated with negative consequences for sleep and fatigue in hospitalized patients (Bernhofer, Higgins, Daly, Burant, & Hornick, 2013; Cho, Joo, Koo, & Hong, 2013) .
Disrupted sleep, characterized by shorter sleep duration during the night and greater daytime sleepiness has been related to reduced physical and cognitive performance (Goldman et al., 2007) . Sleep itself and decreased daytime sleeping may however improve motor consolidation after physical training (Siengsukon & Boyd, 2009) and the cognitive function after discharge (Dzierzewski et al., 2014) . Prevention of sleep disturbances and improvement in sleep quality may therefore be necessary to achieve optimal rehabilitation outcome after stroke.
Fatigue often co-exists with sleep disturbances, especially in healthy people; however, fatigue is also a frequent pathophysiological consequence of severe diseases and therefore not necessarily related to sleepiness and/or sleep quality. To our best knowledge, no scientific distinct separation can be explain between sleepiness and fatigue since the pathophysiology of fatigue is not fully understood, but changes in the biochemical environment in the brain as a sequelae after stroke may be implicated in the development of post-stroke fatigue (De Doncker, Dantzer, Ormstad, & Kuppuswamy, 2017) . The main behavioral consequence of fatigue is a significant reduction in self-initiated voluntary behavior and sleepiness is related to increased sleep pressure due to the activity of ventrolateral preoptic nucleus and its related areas because of insufficient sleep (Lu, Greco, Shiromani, & Saper, 2000) .
Post-stroke fatigue is common and affects approximately 25% to 85% of patients (Cumming, Packer, Kramer, & English, 2016) . One study even found that 40% of stroke patients ranked fatigue as the worst or one of the worst sequelae of stroke (Ingles, Eskes, & Phillips, 1999) . Post-stroke fatigue is believed to interfere with stroke recovery (Hermann & Bassetti, 2009 ) and is correlated with decreased activities of daily living, health-related quality of life after discharge (Chen et al., 2015; van de Port, Kwakkel, Schepers, Heinemans, & Lindeman, 2007) , and mortality (Mead et al., 2011) .
No effective treatment has proven to prevent or treat fatigue (Hinkle et al., 2017; Wu et al., 2015) , which is often associated with critical diseases that also show circadian disruption (Ancoli-Israel et al., 2014) . However, the relationship between fatigue and circadian disruption is still unknown. One study found that 45 minutes of daily blue light exposure reduced daytime fatigue in discharged patients after traumatic brain injury (Sinclair, Ponsford, Taffe, Lockley, & Rajaratnam, 2014) , but to our knowledge, no studies have investigated the effect of naturalistic light or other light interventions on fatigue during hospitalization.
The aim was to study the effect of naturalistic light on fatigue and subjective sleep quality in patients admitted for neurorehabilitation after stroke.
Materials and methods

Study design and participants
This study is a quasi-randomized, controlled trial and was conducted in the Stroke Unit, Department of Neurology, Rigshospitalet, Copenhagen, Denmark. From May 2014 to June 2015, stroke patients who needed in-hospital neurorehabilitation for more than 2 weeks were recruited from the acute stroke unit and randomized into two arms: 1) the intervention unit (IU), with rehabilitation in a unit equipped with naturalistic light; and 2) the control unit (CU), with rehabilitation in a unit with standard indoor lighting. Patients were excluded if they could not give informed consent because of their awareness status, severe aphasia, or if they were expected to be hospitalized in the rehabilitation unit for less than 2 weeks. No safety precautions were necessary regarding assessments and interventions. The study was approved by the Danish scientific ethics committee (H-4-2013-114) and the Danish Data Protection Agency (2007-58-0015) . ClinicalTrials.gov Identifier: NCT02186392. A thoroughly detailed methods description has been published elsewhere (West et al., 2017) .
Randomization
The included patients were randomized to the IU or CU by non-blinded stroke nurses (quasirandomization) at the acute stroke unit (with normal standard light conditions). However, the nurses were not involved in the study and were simply following normal procedure regarding the relocation of patients to the two rehabilitation units, based on whether there were available beds.
Outcomes
The study was part of a larger project investigating the effects of naturalistic light on stroke patients measured by psychological parameters, biochemical parameters, fatigue, and sleep. Because it involves a relatively new scientific area, the study was defined as an exploratory investigational study. We therefore chose five primary endpoints which include sleep quality/sleepiness and fatigue.
Naturalistic light intervention
A 24-hour naturalistic lighting scheme was implemented in all areas of the IU using multi-colored light-emitting diode-based luminaires (LED-lamps) along with a centralized lighting controller to manage all luminaires according to the selected lighting scheme (Chromaviso, Denmark). The naturalistic lighting scheme was constantly running during the inclusion period and the luminaires were located in the ceiling and on the wall behind the beds. According to the scheme, the light (light levels at the outer of the eye of a patient lying in the bed) started as dim in the morning with a very low content of blue light at 7 am (<2700 K and melanopic irradiance <0.08 W/cm 2 ), increasing to reach maximum illuminance at noon (6000 K and melanopic irradiance at 45 W/cm 2 ) with a high content of blue light, and then from 2 pm slowly dimming again through the evening, changing to warm white at 6 pm (3000 K and melanopic irradiance <10 W/cm 2 ). It continued to dim with minimal blue light content to turn off completely at 10 pm in the patient's rooms whereas it continued as amber colour (1850 K and melanopic irrandiance <0,08 W/cm 2 ) in hallways and toilets. If the light was turned on in the patient's rooms in the IU between 10 pm and 7 am, it would be with very low blue content (1850 K and melanopic irrandiance <0,08 W/cm 2 ). The standard indoor light in the CU was measured to 3000 K and melanopic irradiances <10 W/cm 2 between 7 am and 9 pm. If the light was turned on in the patient's rooms in the CU between 9 pm and 7 am, it was measured to be dimmed (3000 K and melanopic irrandiance >0,75 W/cm 2 ).
The technical lights setup was produced in accordance with CIE TN 003 following the principles of Lucas et al. (Lucas et al., 2014) . Due to the complexity and the need for comprehensive technical description of the light, the light intervention is presented in details in the method description paper (West et al., 2017) . In the CU, all normal ceiling luminaries had new fluorescent tubes installed prior to the inclusion in order to stabilize the light in all areas of the unit. The technical light description regarding the irradiance profiles for the IU and CU can be found in Fig. 3a and 3b in the method paper (West et al., 2017) . Blackout curtains were installed in the IU, and they were raised at 8 am and lowered at 8 pm for all four seasons to avoid incoming light in this time period.
Assessments
Questionnaires
The questionnaires were self-administered; however, if the patient had difficulties filling out the questionnaire because of visual or mobile disabilities, the examiner did the reading and writing. The questionnaires were administered at inclusion and discharge (hospital treatment complete/done) in the time interval from 09:00 a.m. to 03:00 p.m. Sleepiness was rated using the Epworth Sleepiness Scale (ESS) and the Visual Analog Scala for sleepiness (VAS sleepiness).
Fatigue was rated with the Multidimensional Fatigue Inventory questionnaire . Feeling of rest was rated by the statement, "I woke up fresh and rested." The Pittsburgh Sleep Quality Index (PSQI) was used for assessment of subjective sleep quality. Missing data regarding single questions in the questionnaires were replaced by the patient's own response from either the inclusion or discharged questionnaire. Questionnaires with more than three missing questions were excluded. Because missing questions were related to neglected questions, it was not a continuous issue (under 10% of patients) because other reasons for the missing data (unable to complete the questionnaire) resulted in exclusion.
The MFI-20 covers five areas: general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. "General fatigue" can by itself be used to estimate a patient's level of fatigue. ESS measures general level of daytime sleepiness or average sleep tendency in daily life (Johns, 1991) . The total ESS score ranges from 0 to 24. VAS contains a line with numbers from 0 to 10 with zero indicating no sleepiness and 10 the worst possible immediate feeling of sleepiness. This was explained to the patients before rating. VAS was used every 4 hours over the course of 24 hours at inclusion and discharge. The diurnal VAS for sleepiness in Danish has not been validated and is not alone a recommended instrument to score sleepiness; thus, it was not used for group comparisons. Sleepiness diurnal patterns were collected to estimate the changes in sleepiness during admission, which could be valuable in understanding the collected data regarding ESS and PSQI.
The feeling of being rested complements the quality of previous sleep, which is why we included the statement, "I woke up fresh and rested," from the wellbeing index (WHO-5) questionnaire (Allgaier et al., 2013) . The higher the score, the better the feeling of rest. The statement is thought to be an easy way for the patient to express sleep quality information.
The global score of PSQI indicates subjective sleep quality (zero suggests no difficulties, and 21 indicates severe difficulties in all areas). PSQI has a portion concerning the bed partner with 5 self-rated questions, which is not included in the score system, and this part was excluded in this study.
The Morningness-Eveningness Questionnaire (MEQ) was applied to stratify the participants into morning or evening types. MEQ is validated for the individual diurnal rhythm (Horne & Ostberg, 1976) , and a higher score correlates with the morning type. The MEQ questionnaire was, like the other questionnaires, filled out at inclusion and again at discharge. Several questionnaires regarding depression including the Major Depression Inventory was also used. Results of those are to be published elsewhere.
Polysomnography
Patients underwent polysomnography (SOMNOscreen™) according to international standards at inclusion and discharges. Patients were asked to refrain from caffeinated beverages, sleep medicine, and CPAP on the night of the examination. In this paper we only includes sleep apnea as confounder in assessments dealing with sleepiness and fatigue (Hermann & Bassetti, 2016) . Data from the following monitors from the PSG were examined: a pressure sensor for recording nasal flow, thoracic and abdominal effort belts, and a pulse oximeter. We used the American Academy of Sleep Medicine (AASM) manual for scoring respiratory events during sleep (Berry et al., 2012) .
Medication
Medication registration was performed at inclusion and discharge. Therefore, if patients were only prescribed these medications in a short interim period between these time points, these drugs were not registered and not included in the statistical analysis. The indication for sleep medicine, antidepressant medication, or/and anxiety medication was assessed by the attending physicians on the ward rounds and was frequently prescribed for apathy, depressive mood and fatigue or a combination of these. The indication for these medications was not based on tests but solely on the physician's assessments.
Statistical analysis
Normally distributed continuous variables are presented as means and standard deviations (±SDs). Categorical variables are presented as number of cases and percentage of occurrence. Differences are expressed with 95% confidence intervals (CIs), and the deviation of calculated differences is expressed as standard error (SE).
For analyzing differences in the global score for PSQI, ESS, all five groups and the global score in the MFI-20 and the statement "I woke up fresh and rested" between the two units, an analysis of covariance (ANCOVA, SAS) was used to integrate the baseline values from the questionnaires in the calculation, thus considering the individual differences. To avoid interaction and confounding effect of sleep medicine (N05C) (PSQI, ESS), antidepressant medicine (N06A) (MFI-20, Rested Statement) and morphine (N02A) (PSQI, EES), these were integrated into the covariance analysis. Due to the significant difference in inclusion period between the two groups, the length of inclusion was included as a confounder in all analyzes. Because of the repeated measurements (diurnal) of VAS, a mixedmodel analysis (Proc Mixed, SAS) was used to describe the variances/changes among the seven time-points.
Due to the non-normally distributed scores and the skewed linearity data were logarithmically transformed before analysis of covariance. The calculated differences in the mixed-model analysis were backtransformed from log2 to empirical fractiles and converted to percent difference in scores ((x-1) * 100). Correlation analyzes were done by regression analysis in log transformed scores (Proc glm, SAS).
T-tests were used to describe differences in basic demographic parameters between groups. All analyses were made in SAS (9.4; SAS Inst. Inc., Cary, NC, USA). A P < 0.05 was considered significant for all the analyses.
Results
A total of 256 patients who needed in-hospital neurorehabilitation were screened, and 90 patients met the inclusion criteria and agreed to participate. Because of inability to complete the questionnaires due to severe illness or reduced awareness, there was a dropout and exclusion range of 16-24 patients in the IU and 16-27 patients in CU groups, depending on the questionnaire (Fig. 1) , resulting in 71 patients completing the study (44 (62%) males and 27 (38%) females), mean age 73 (range 51-96). The wide exclusion range can be explained by the lack of participation in the VAS and by two participants who could not assess all questionnaires at the IU because of reduced vitality. Patient characteristics are presented in Table 1 . The two groups were well balanced, but they differed regarding length of inclusion period (45 days in the IU vs. 34 days in the CU; P = 0.02). No significant correlation was found regarding length of inclusion and fatigue, sleepiness, or subjective sleep quality as measured by the questionnaires by linear regression analysis. No other significant differences were found between the two groups.
Because VAS was collected every 4 hours, only 39 patients were willing to participate. Due to the comparability between the participants regarding MEQ Fig. 1 . Trial profile. subtypes (Table 1) , the MEQ results were not used as a confounding element.
Questionnaires
The results of the questionnaires are presented in Table 2 . General fatigue was significantly reduced at discharge in the IU group compared to the CU group. This reduction was defined by MFI-20 general (IU, n = 28; CU, n = 30; P = 0.025). The feeling of being rested was also significantly reduced in favor of the IU based on the statement, "I woke up fresh and rested" (IU, n = 28; CU, n = 30; P = 0.025). There were no significant differences between patients in the IU and Table 3 Mean/median scores at inclusion and discharge in each unit
Inclusion score Discharge score Mean ± SD/ Mean ± SD/ median (IQR) median (IQR) PSQI Control Unit (n = 30) 7.5 ± 4.0 9.6 ± 5.3 Intervention Unit (n = 27) 6.9 ± 3.8 7.9 ± 4. CU regarding MFI-20 global and the four other MFI-20 subgroups, sleepiness (ESS), or subjective sleep quality (PSQI). However, the scores were all in favor of the IU. Mean/median scores at inclusion and discharge in each unit are illustrated in Table 3 . These results are actual mean or median scores and therefore without adjustment for the described confounders.
The variance between the time-points indicates a significant diurnal rhythm of VAS sleepiness in both groups at inclusion and discharge. The diurnal pattern of sleepiness significantly changed during the admission in each group overall (IU: P = 0.003; CU: P ≤ 0.0001) (Table 4a, b). Considering the specific time-point, at midnight and 04:00 a.m., sleepiness was significantly elevated in both groups between inclusion and discharge. This diurnal pattern of sleepiness is also illustrated by the curves in Fig. 2 , where sleepiness increases slightly during the first 12 hours of the day, peaks at midnight, and then decreases from midnight to dawn.
Confounding effect of antidepressants, sleep medication and sleep apnea
When looking at the influence of the antidepressant medication, which also were a result of the analyzes of covariance, there was significantly lower scores in the MFI-20 general in favor of patients with no antidepressant medication prescriptions compared with patients with antidepressant medication prescriptions (difference, -28.2%; 95% CI [-41.7%; -3.0%]; P = 0.003). In the analysis of the Rested statement there was a near-significant difference between patients using and not using antidepressant medication (difference, 35%; 95% CI [-1.7%; 91.8%]; P = 0.064). This result indicates a confounding effect of antidepressant medication prescriptions (number of patients treated with antidepressant medication: IU, n = 16; CU, n = 9) and sleep medication (IU, n = 8; CU, n = 8). No confounding effect of sleep medication and sleep apnea was found in fatigue scores or subjective sleep quality scores. A total number of 33 patients had severe sleep apnea (16 IU; 17 CU), 17 had moderate (8 IU; 9 CU), 6 had mild (4 IU; 2 CU) and 4 patients had no sleep apnea (2 IU; 2 CU). Two patients were treated with CPAP, one at each unit.
Interactions
No significant interaction among sleep medication, antidepressant medication, and sleep apnea was found.
Correlation between measured fatigue and depression
Significant correlation was found by regression analysis between scores of MFI-20 and Major depression inventory scale (MDI) in time of inclusion and discharge (Inclusion: x = 0.94y + 0.13, P = 0.0002; Discharge: x = 1.30y-1.18, P = <0.0001).
Discussion
The current study has yielded the first findings of a significant effect of naturalistic lighting on poststroke fatigue and feeling of waking up rested, with no effects on subjective sleep quality or sleepiness.
A significant reduction was found in the subscore MFI-20 General. There was an improvement in favor of the IU regarding the MFI-20 global and all subscores, activity, mental, motivation, and physical domains, although not significantly. Because most stroke patients have a strong motivation for rehabilitation, this factor may have interfered with their response to mental and motivational questions (Maclean, Pound, Wolfe, & Rudd, 2000; Mayo, Fellows, Scott, Cameron, & Wood-Dauphinee, 2009 ). We did not expect a better outcome in physical rehabilitation between groups in this study, thus it is not surprising that no significant difference was found regarding physical fatigue. The mental part reflects a cognitive element. The prevalence of cognitive impairment is severe after stroke (Mohd Zulkifly, Ghazali, Che Din, Singh, & Subramaniam, 2016) and remains highly prevalent several years after the first stroke (Patel, Coshall, Rudd, & Wolfe, 2003) , which may explain the lack of significant improvement in these subscores. Activity scores may be falsely low and inaccurate because the patients in most cases did not have any influence on training frequency; the training was implemented in the daily plans and not at the patient's initiative. MFI-20 focus only on the actual activity level during the day and not the desire for activity. This factor may also have influenced the outcome but it is reasonable to suggest that the absence of significant differences in these subscores and thereby MFI-20 global could also be the result of a lack of power.
The Rested Statement, "I woke up fresh and rested," was included because it is an easily understandable, simple, and informative statement that provides information regarding how rested a patient feels. It was significantly improved in favor of the IU. The fact that the feeling of rest may reflect both sleep quality and the feeling of fatigue could be the reason for the significant outcome, but additional studies should elaborate on this.
The combination of depression and fatigue is a known phenomenon in severe illness, especially in stroke (Hinkle et al., 2017; Naess, Lunde, & Brogger, 2012; Snaphaan, van der Werf, & de Leeuw, 2010) . Depression as a sequela after stroke is like fatigue an frequent complication and is observed in approx. 30% of post stroke patients (Everson, Roberts, Goldberg, & Kaplan, 1998) . Comparison of depressive mood between the two units in this cohort is to be published elsewhere. In this study, as expected, we found that the depressive scores correlated significantly with the fatigue scores. Depression and fatigue have a known influence on each other, and it cannot be ruled out that the observed effect on fatigue represents an improvement in depressive mood. Despite the correlation between depression and fatigue, fatigue can be present without sign of depression and vice versa indicating different pathophysiologies as the lack of effect of antidepressants on fatigue also indicates (Choi-Kwon, Choi, Kwon, Kang, & Kim, 2007) . Fatigue may therefore not be just a sign of depression, but also a frequent independent symptom that is observed as part of mental stroke complications (Bourgeois, Hilty, Chang, Wineinger, & Servis, 2004) . The known positive effect blue light has on depressive mood (Kopp et al., 2016; Lam et al., 2016) may therefore not be the whole explanation for the reduction in fatigue score in the intervention group in this study. Still, it may be assumed that the depressive symptoms in these patients have a negative influence on the measured fatigue. This influence is impossible to measure and include as a confounder because of the interactions these symptoms have in stroke patients. Based on the found correlation between fatigue and depression, along with the fact that MFI-20 shows similarity with questionnaires concerning mood, antidepressant medication was chosen to be adjusted for in the calculation. The difference between groups regarding number of patients prescribed antidepressant medication, with more prescriptions in the IU, was due to the statistical adjustment, not an element that could affect the outcome.
No studies have investigated naturalistic light as an intervention for post-stroke fatigue. However, bright light seems to reduce fatigue in patients with conditions known to present fatigue as sequelae (Ancoli-Israel et al., 2011; Sinclair et al., 2014) . Even though fatigue is thought to be regulated by the circadian clock, a direct response to the light could also play a role in fatigue reduction. Cortisol levels increase in response to the change from dim light to bright light exposure in the morning, but not in the afternoon or night (Leproult, Colecchia, L'Hermite-Balériaux, & Van Cauter, 2001) . This physical response to the natural light rhythm induces the arousal in the morning and may hypothetical reduce the feeling of fatigue in a more direct way in the patients admitted at the IU.
Treating post-stroke fatigue is a challenge in clinical practice (Hinkle et al., 2017) . To date, no non-pharmacological intervention has been identified that could significantly prevent or decrease fatigue after stroke (Hinkle et al., 2017; Wu et al., 2015) . Thus, this study is the first to present a significant reduction in fatigue in post-stroke patients exposed to a non-pharmacological treatment.
We found no improvement in subjective sleep quality measured by PSQI between the two groups. The stroke-induced motor impairments might lead to less stimulation of the circadian structures regulating the sleep-wake cycle, which could trigger rhythm desynchronization and sleep difficulties. The severity of the impaired sleep quality may have overcome an eventual effect of the installed naturalistic light, and it is reasonable to believe that light does not affect sleep quality but only sleep rhythm control, as the few known studies concerning subjective sleep quality have not shown clear improvement using bright light as an intervention (De Rui et al., 2014; Kobayashi et al., 2001; Perras et al., 2007) . A review and metaanalysis from 2014 investigated bright-light therapy vs control regarding total sleep duration, sleep efficiency, and night-time awaking and identified a similar lack of effect of bright light (Forbes, Blake, Thiessen, Peacock, & Hawranik, 1996) . We did measure objective sleep quality with polysomnography and actigraphy, but we have chosen to present these data in a separate article because of the severity of the findings in objective sleep quality. The lack of improvement in subjective sleep quality at the time of discharge is in line with the notion, mention in the introduction section, of fatigue as a different pathology than sleepiness and therefore not necessarily related to sleep quality and sleepiness.
There was no significant difference between groups regarding sleepiness (ESS scores). The diurnal changes in sleepiness between inclusion and discharge measured by VAS sleepiness seemed similar between the groups, which support the lack of significant differences found in ESS. The lack of a significant difference in sleepiness between the two groups may be related to the lack of improvement in sleep quality due to the brain damage but also due to the moderate to severe sleep apnea measured to be present in this patient cohort. The light has no assumed theoretical physical impact in the mechanism of sleep apnea, which may be one of the explanations behind the nonsignificant outcome.
Limitations and strengths
Not all participants could answer all questionnaires. It was not possible to identify who would be able to complete the questionnaires prior to inclusion, so we chose to include all eligible patients despite complications that could make them unable to do so, inducing a risk of dropouts. Unawareness was the main reason for dropout after inclusion. IU still had a higher National Institutes of Health Stroke Scale (NIHSS) score at discharge (non-significant), illustrating that stroke severity had no clear influence on the higher dropout rates in the IU.
The randomization followed the normal procedure for distribution of patients to the two rehabilitations units. It would have been optimal to have had totally blinded randomizing; however, this process was not feasible in the clinical setting because of the visible intervention. The conditions in the two rehabilitation units were equal regarding staff profession, interior, form, and size. Information on all bed positions (two beds: window bed and away-from-window bed) were collected during the study. However, all patients were placed at the window at the end of the stay because of natural rotation in the units. Therefore, no differences in bed positions among patients were found, so bed positions were not included as a confounding element. The locations of the two units were not equal regarding angle to the sun, but a measurement of the incoming light from the sun between the two units revealed no significant differences (West et al., 2017) , assuming that levels above 200 lux would stimulate the circadian center (Andersen, Mardaljevic, & Lockley, 2012) . There was no significant difference in daylight exposure at the window bed across the year, as presented in West et al. Fig. 4a and 4b (West et al., 2017) . A difference in daylight exposure between IU and CU at the door bed was observed, but all illuminance levels fell below the required level of 200 lux D55 equivalent light that would stimulate the circadian center (Andersen et al., 2012) . Because of that, we choose to claim that the difference in daylight exposure between the units for the door beds was not significant and did not favor the IU.
There was a significant difference between the two groups in the duration of the inclusion period, and thus the length of the inclusion period was chosen as a confounding variable in the analysis, to eliminate any possible influence on the outcome. The main explanation behind differences in admission length might be that it was not the same rehabilitation team that dictated the time of discharge at the two units. Furthermore, the higher NIHSS score in the IU may also have influenced the longer admission time; however, no other differences were found between the two groups. Because of the real clinical setting, it is relevant to reflect about possible confounders. However, despite being two separate units, we believe, due to the RCT setup and the fact that the units are run similarly, that we have included the most relevant confounders after many reflections and deep insight into the daily life at the two units especially since the first and last author have worked as clinical doctors at the two units before study inclusion. However, further RCT studies in a real clinical environment should explore this.
Only patients in treatment with sleep and/or antidepressant medication at discharge were included in the covariance analysis as prescriptions in the interim period between these time points were estimated to be of shorter duration and therefore of limited impact on fatigue and sleepiness. In addition to this, it was not clinical practice to discontinuing antidepressant after prescription except for occurred side effects, why short prescription period may have been rare or not present.
To summarize the choice of confounders in this study, were following confounders chose to be included in the statistical analyses; antidepressant medicine, sleep medicine and length of inclusion. Confounders which were found not relevant to include were sleep apnea, bed positions and MEQ.
In this study, several tests were performed, increasing the risk of false positive results. All tests favored the intervention. If a penalty for multiple comparison had been used e.g. Bonferroni correction, there would be a risk of false negative results, missing out on potentially important effects of the light and thereby maybe prevent future studies from investigating the effects of naturalistic lighting. However, a Benjaminini-Hochberg procedure was conducted with a false discovery rate of 0.15 resulting in survived significance for the two significant p-values in Table 2 .
The strengths of this study were the real clinical setting and two equal units in the same institution. Therefore, we believe that our data can be directly transferred to clinical everyday life. Whether it has any clinical value for the patients after discharge must be elaborated in further studies. However, this study is part of an exploratory investigation in a relatively new scientific area. More specific studies are therefore required to address the effects of naturalistic light on sleep quality and fatigue.
Conclusions
The aim of this study was to test the effects of naturalistic light on fatigue and subjective sleep quality in a real hospital setting. We showed that patients exposed to naturalistic lighting during admission had decreased fatigue compared with patients exposed to standard indoor lighting, with no effect on subjective sleep and sleepiness. Naturalistic light could, to our knowledge, be the first non-pharmacological treatment shown to decrease fatigue in hospitalized post-stroke patients. But the exploratory design in this study requires further studies to address this effect.
